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ABSTRACT 
This investigation was initiated to 
determine the feasibility of removing vanadium from 
Venezuelan crude oil usin~ a modified Two-Stage Coal 
Combustion process. In this proposed process, 
vanadium bearing crude oil would be added to a molten 
iron-slag system. The vanadium would remain in the 
slag-metal system and a combustible off-gas suitable 
for power plant use would be produced. 
In this preliminary study, there were 
three topics examined. The first dealt with the 
best method of dissolving the crude oil in the 
molten iron. The second dealt with the transfer of 
vanadium from the crude oil to the molten iron. The 
third was concerned with the distribution of vanadium 
between the iron and sla£. 
It was found that the best method of adding 
the crude oil to molten iron was by first ashing 
the crude oil and then dissolvin£ the ash into the 
molten iron. The amount of vanadium transferred to 
the molten iron was 26.32% of the vanadium in the ash. 
Equilibrium distribution ratios for 
vanadium ranced from 0.082 at 1425° C to U.122 at 
1600° c. These values are for a 5Cffo Gau, 4r:J'fa Si02, 
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l{)Ofo Al2o3 slag in contact with 
carbon-saturated iron. 
This author recomrnends that further inves-
tigation in this area would be beneficial. 
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INTRODUCTION 
Starting in the early 60's, there has been 
an increasing desire and need to conserve present usable 
natural resources and to explore the possibilities of 
increasing these resources by recovering previously 
"unrecoverable" supplies. This desire to increase the 
supply of resources has been one of the factors that 
has led to the study of vanadium removal from crude oil./ 
A successful technique of vanadium removal would have 
two beneficial results. The first, and most obvious 
result, would be an increase in the supply of vanadium. 
The second, potentially the most useful, would be an 
increase in the supply of usable petroleum. 
Not all of the petroleum reserves contain 
vanadium. The highest vanadium concentrations are in 
the Western Venezuelan crude oils which contain as much 
as 1400 parts per million (ppm) vanadium. Other 
petroleum reserves such as those in Eastern Venezuela 
and the Middle East contain significant amounts of 
vanadium but not approaching the amounts found in the 
Western Venezuelan crude oils. (1) 
in crude oil exists in a porphyrin complex. The structural 
similarities between chloroform, heme (part of the 
hemoglobin in blood), and the vanadium porphyrin complex 
It is fairly will accepted that the vanadium 
3 
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has led researchers to believe the plant and animal life 
are the origin of the vanadium complex. It has also 
been proposed that two types of vanadium complexes exist. 
The first, Type I, is the simple vanadium porphyrin 
complex (Figure (1)). The second, Type II, is a high 
molecular weiEht porphyrin chain with two proposed types 
of inter-porphyrin bonding (Figure (2)). (21) 
A short discussion of some of the more important 
uses of vanadium will assist in understanding the need 
for re.search into the recovery of vanadium from crude 
oil. The most important use of vanadium in the past has 
been as an alloying element in steel. Tne presence of 
vanadium in steel yields many desirable properties. 
Among these are an increase in tensile and torsional 
strength, an increase in the toughness of the steel 
and a resistance to abrasion. When vanadium and 
titanium are combined with either aluminum, silicon or 
chromium, the resulting alloy is extremely useful in 
the aircraft industry because of its strength at high 
temperature ( 9UC.i° to 120C.i°F). The use of vanadium as a 
base for alloys appears to hold much potential since 
the alloying process is controllable and relatively 
inexpensive. Vanadium has also been used in atomic 
reactors because of its low neutron-capture cross-section. 
With the increase in nuclear power generation, the use 
of vanadium in this manner becomes extremely important. 
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There are also several vanadium compounds that are useful 
as catalysts, drying agents in paints and inks, bleaching 
agents in the developing of color films and coloring 
agents for glass and ceramics. (4) 
Because of the relatively short supply and 
resulting high cost, many of the above uses for vanadium 
have been supplemented by various other elements or 
compounds. It is, therefore, difficult to imagine what 
the impact on society might be if the supply of vanadium 
was increased. (4) 
The presence of vanadium in petrolewn causes 
refiners many problems. Vanadiwn very effectively 
poisons the catalysts used in the refining of petroleum. 
The heavier fractions, such as the residual fuel oils, 
when burned cause an increase in the corrosion of the 
combustion chambers. Therefore, from a financial 
standpoint alone, it would be beneficial to effectively 
remove the vanadium from the crude oil. 
In an effort to remove vanadium from crude oil, 
many techniques have been examined. But standard liquid-
liquid extraction techniques do not appear to hold much 
promise. (9) With this in mind, other processes were 
examined to determine possible applications to vanadium 
removal. The Two Stage Coal Combustion Process was one 
that was thought to hold some potential. 
The Two Stage Coal Combustion Process is pres-
ently being developed by Applied Technology Corporation 
7 
(, 
to remove sulfur from sulfur-rich coal. It was thought, 
however, that it may have potential in the removal of 
vanadium. In the Two Stage Coal Combustion Process, the 
major piece of equipment is a combustor containing molten 
iron with a floating slag layer, Coal is air-injected 
into the molten iron, Upon contact, the coal volatiles 
are cracked and become part of the off-gas, The fixed 
carbon and sulfur are dissolved in the iron. When the 
carbon level reaches about 4%, air is injected. The 
dissolved carbon then reacts with the oxygen to produce 
carbon monoxide, When the carbon level reaches about 
3% more coal is injected, The sulfur in the iron 
reacts with the calcium oxide in the slag to produce 
calcium sulfide. The slag is continuously removed and 
reacted with steam. The sulfur is recovered in the 
elemental form and the slat is them recycled to the 
combustor. The off-gas from the combustor is composed 
primarily of carbon monoxide and hydrogen. This off-gas, 
essentially sulfur-free, is then used in power generation 
and the resulting stack gas is non-polluting (Figure (J)). (12) 
If the preceeding process is to be adopted 
to use in vanadium removal, several items are of 
immediate interest, First, can a crude oil or residue 
be added to a molten iron bath? Second, will the 
vanadium remain in the combustor or will it volatilize 
and be lost in the off- gas? Third, i'f the vanadium is 
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not lost, what is the distribution of vanadiwn between 
the iron and the slag? This investigation will try to 
develop some exploratory work in this area. 
1() 
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APPARATUS 
The basic furnace setup for all experimentation 
was virtually the same. Any significant differences will 
be so noted in the following discussion. 
The crucible assembly used for ashing the crude 
oil and subsequent dissolving of the ash into the iron is 
shown in Figure (4). The assembly used for the distribu-
tion study is shown in Figure (5). The crucible assembly 
was placed in a furnace which was heated by an Ajax 
Yiagnethermic Induction Coil. The cavity in the furnace 
was first filled approximately one-third f'ull with 
bubbled alumina. A MgO crucible was then rammed into 
the bubbled alumina forcing the bubbled alumina around the 
crucible. More bul>l>led alumina was then added to fill the 
remaining space in the cavity. A graphite crucible was 
then centered in the MgO crucible. The MgO crucible was 
covered with a two hole cast sillimanite lid. 
In order to assist in the removal of any possible 
toxic gases, a 12 in. diameter transite pipe was placed 
on top of the entire furnace assembly. The entire 
assembly was placed under an overhead hood. A 7/16 in. 
O.D. silica tube was used to introduce any gases to the 
crucible assembly. 
For the ashing section of the experimentation, 
nitrogen was introduced at a rate that prevented flaming 
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of the oil during the ashing process. For the dis-
tribution study, carbon monoxide was added at a rate 
that maintained a CO atmosphere in the assembly. During 
the distribution study, a platinum/platinum - 10 pct. 
rhodium thermocouple was used to measure temperature. 
The thermocouple was placed in a mullite protective tube. 
The closed end of the protective tube was covered 
with a graphite sheath to prevent disintegration of 
the tube. For specifications of the apparatus see 
Appendix I. 
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EXPERIMENTAL PROCEDURE 
In order to yield the clearest description 
of the experimental procedures, this section will be 
divided into two parts. The first part will deal with 
the ashing of the crude oil and subsequent dissolving 
of the ash in the molten iron. The distribution study 
will be dealt with in the second part. Following each 
section will be a short discussion. 
ASHING OF THE CRUDE OIL 
Starting with the standard crucible assembly, 
the procedure used is as follows: 
1. Place approximately 150 grams of the crude oil in 
the bottom of the graphite crucible and cover with 
approximately 500 grams of carbon-saturated iron. 
2. Turn the furnace on. 
3. Add nitrogen to the atmosphere of the crucible 
assembly. 
4. Adjust the generator so that the furnace is slowly 
heated. 
5. Adjust the nitroeen flow rate so that flaming during 
6. 
7. 
the ashing process is kept to a minimwn. 
When smoking has ceased, slowly increase the power 
to the generator until the metal starts to melt. 
Maintain the iron in a molten state for 30 to 45 
15 
; 
.I 
J 
minutes to allow the ash to dissolve. 
8. Turn off the furnace. 
Immediately remove the graphite crucible with furnace 
tongs and place on a furnace brick. 
10. Pour the molten metal into a graphite mold and allow 
to cool. 
The determination of the best method of adding 
the crude oil to the metal and the subsequent ashing of 
the crude oil was mainly trial and error. With the 
exception of the nitrogen atmosphere, the first method 
tried was the same as the method used. This method was 
successful with the exception that during the ashing the 
flaming of the crude oil was intense. 
The second method tried was to form the crude 
oil on the end of a graphite stirring rod. The stirring 
rod was then plunged into the molten metal. When small 
amounts of the crude oil were added in this manner, the 
ashing of the crude was almost immediate, with no visible 
ash loss. However, when the amount of crude oil added by 
this method increases, the ash loss through the ports in 
the lid become significant. 
Both of the previous methods were tried using a 
nitrogen atmosphere in the crucible assembly. The first 
method worked very well. Flaming was eliminated until 
the metal was molten and even then the flame was very 
"lazy". The second method used worked slightly better but 
there was still a loss of ash. It was decided to use the 
16 
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first method with the nitrogen atmosphere. 
The amount of crude oil ashed per run was also 
varied, It was decided, however, that 150 grams of crude 
oil per 500 grams of metal was a good combination to work 
with from a handling standpoint. Larger amounts were 
difficult to work with because of the asphaltic nature 
of the crude and smaller anounts did not ·significantly 
decrease operation time. 
DISTRIBUTION STUDY 
Starting with the standard crucible assembly, 
the procedure used is as follows: 
1. Place 400 grams of metal in the bottom of the 
graphite crucible and cover with 100 grams of slag. 
2. Turn the furnace on. 
3. Add CO to the atmosphere of the crucible assembly. 
4. When the charge to the crucible is molten, insert 
the thermocouple assembly so that the bottom of the 
assembly is approximately i in. from the bottom of 
the crucible. 
5. Bring the melt to temperature. 
6. Sample both the slag and the metal layers every hour 
using the samplers shown in FiEure (6). 
7. After each sample is taken, the slag sample is cleaned 
17 
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with a 50% (vol.) nitric acid - water solution. 
8. When the run is completed, turn the furnace off. 
9. Immediately remove the graphite crucible with 
furnace tongs and place on a furnace brick. 
10. Pour the molten metal and slag into 
a graphite 
mold and allow to cool. 
The procedure just outlined was the same 
as used in an analysis of the distribution of manganese 
between a slag and carbon-saturated iron. (16) The 
process was easy to control once the de~ired temperature 
was reached. BecuuGP, of the hi[:h temperature and the 
CO atmosphere caution should be taken. 
19 
METHOD OF ANALYSIS AND SAMPLE PREPARATION 
The standard wet chemical analysis of slags 
and iron alloys are slow and very difficult to perform. 
For this reason the use of stomic absorption spectro-
photometry was examined and found to give adequate results. 
Therefore, all analyses were performed by atomic 
absorption spectrophotometry. This section will be 
divided into two subsections detailine sample preparation 
and the atomic absorption procedure. 
SAMPLE PREPARATION 
This section will be divided into three parts, 
1) Preparation of the iron sample, 2) Preparation of the 
sla~ sample and 3) Preparation of the crude oil sample. 
Detailed steps for each part will preceed a discussion on 
the part. 
PREPARATION OF THE IRON SAMPLE 
The following procedure was used for the 
preparation of the iron sample: 
1. Crush the sample using a diamond mortar until it 
~ passes through a 60 mesh screen. 
2. Weigh the sample and place it in a 125 ml. Erlenmeyer -I ,< •) 
_-, 
\ { 
flask. 20 
,. 
'] 
1 
I j 
i 
i 
J. Add 5 ml. concentrated HCl and 5 ml. deionized water. 
4. Cover the flask and allow the solution to digest until 
all solvent action stops. 
5 • Add concentrated nitric acid dropwise to oxidize 
the solution. 
6. Cautiously boil off the nitrous vapors. 
7. Transfer the contents of the flask to a 25 ml. volumetric 
flask. 
8. Add l ml. aluminium t3olution. ( For description see 
Appendix ~II).) 
9. Dilute to 25 ml. with deionized water. 
10. Filter through t/44 '1Jhatmann l"ilter Paper. 
11. rilace in a pla0tic sample bottle. 
12. Heady for analysis. 
The procedure just described is the same as 
described by Cobb and llarrioon (7 ) with a few minor 
alterations. The alwniniurn solution is added to increase 
sensitivity. The need for the buffer is mainly due to the 
presence of iron in the solution. The article suggests a 
0.500 gram iron sample but it was found that the size of 
the sample was not too critical and 1.0 to 1.5 gram samples 
were analyzed without much difficulty. At first, samples 
were analyzed before anc.l after filtration to check for 
possible loss of vanadium. The results indicated that 
there was no vanadium loss by filtration. However, filtration 
did remove any excess carbon which helped to prevent 
any carbon deposition during analysis, 
21 
PREPARATION OF SLAG SAMPLES 
The following procedure was used for the 
preparation of the slag sample: 
1. Crush the sample with a diamond mortar until it 
passes through a 60 mesh screen. 
2. Weigh the sample and place in a 125 ml. plastic 
bottle. 
3. Add 2. ~1 ml. of hydrofluoric acid. 
4. Tightly screw the cap on the bottle and shake well. 
5. Place the bottle upriEht in a boiling water bath. 
6. After boiling has resumed for 2. 5 minutes, remove 
' the bottle and rapidly cool. 
7. Add 25 ml. of a 2% (wt.) boric acid solution. 
8. Replace the cap and return to the boiling water bath 
occasionally shaking until the precipitate dissolves. 
9. Cool. 
10. Sample is then ready for analysis. 
The method for preparing the slab sample was 
obtained from a similar method described by lleid et al. (18 ) 
The sample sizes were kept at the suggested level of 0.20 
grams but the amount of boric acid was decreased to 25 ml. 
The plastic bottles used had a·minimum weight of 20 grams 
without the cap. 
~everal other methods of dissolvin~ the slag were 
investigated but were found to be nrohibitive for a 
2? 
variety of reasons. One method, proposed by Cobb 
et al. (6) 
was examined in detail and found to be more cumb
ersome 
and costly that the method that was used. 
PREPARATION OF CRUDE OIL SAMPLES 
The following procedure was used for the 
preparation of the crude oil sample: 
1. Weigh the sample and place in a fused silica 
crucible. 
2. Aud 3 ml. of molten benzene-sulfonic acid. 
}. Heat strongly on a hot plate for 1 to 1.25 hours. 
4. Ignite the sample and burn to a c6ke residue. 
5. Ash in a muffle furnace at 1022° + 68° F. 
6. Dissolve the ash in lU ml. hydrochloric acid. 
7. Sample is then ready for analysis. 
The method for preparing the crude oil sample 
was derived from a method sugeested by MacMillan 
and 
Samuel (15). The size of the sample was kept at approx-
imately 1.5 grams. The benzen€-suli'onic acid was
 added to 
prevent volatization of the porphyrin complex an
d assist 
in their decomposition. It should be noted that 
if the 
sample is not heated strongly enough on the hot p
late 
that it may "spit" upon ignition. 
23 
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ATOMIC ABSORPTION PROCEDURE 
As stated earlier, atomic absorption spectro-
photometry was first examined because of the difficulty 
in analyzing by standard wet chemical methods. It has 
only been in the last ten years that atomic absorption 
has ~een investigated for analyzing iron and slag samples. 
As far as can be determined, the use of atomic absorption 
for analy~ing a slag for vanadium is unique. 
The general procedure for analysis is very 
quick and very simple, The only difficulty in the 
analysis comes in the fine adjustments necessary for 
optimum conditions. 
The procedure for analysis that follows is 
started after the samples are ready for analysis. 
1. Turn on the atomic absorption unit and allow to 
warm up for 15 to JO minutes. 
2. Set the nitrous oxide and acetylene feed systems to 
specified settings. ( Table ( 1 ) • ) ... 
3. Insert the lamp and warm up for 5 to 15 minutes 
A 
,! 'i at 5 milliamps. This can be simultaneous with the 
',:J 
·~ J preceeding step. 
t J 4, Insert the burner making sure the blow-out covers are 
in place, 
5. Adjust the nitrous oxide and acetylene flow rates to 
the conditions stated in Table (I). 
ii, 
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TABLE I INSTRUMENT CONDITIONS 
Lamp Current 
Burner Length 
Burner 
Fuel (C2H2) Flow 
Oxidant (N 20) Flow 
Tank Feed Pressure 
7 mA 
5 cm 
Nitrous oxide 
Acetylene 
17 SCFH 
22 SCFH 
Acetylene 15 
Nitrous Oxide 
psi 
35 psi 
These recommendations are for the Jarrell-Ash 
Model 803 atomic absorption unit. 
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6. Turn on the acetylene flow, ignite, and then 
rapidly turn on the nitrous oxide flow. 
7. Adjust the flows until the brightest "red feather" 
is obtained. 
8. Place plastic tube, used to introduce samples to 
the flame, in a beaker of deionized water. 
9. Set the lamp current at 7 milliamps. 
10. Set the dial reading to zero. 
11. Adjust the element dial until the greatest needle 
deflection is obtained. 
12. Place standards and samples in microbeakers. 
13. Place plastic feed tube in microbeaker containing 
the greatest'percentage of vanadium. 
14. Adjust the gain, acetylene and nitrous oxide flows, 
and the lamp current until the maximum reading is 
obtained and record the value. 
15. Return the plastic feed tube to the beaker of 
deionized water. 
16. Analyze the standards and record values. 
17. Analyze the samples and record values. 
18. Turn off the acetylene and nitrous oxide flows. 
19. Turn off lamp current. 
20. Turn off atomic absorption unit. 
21. Remove burner and clean. 
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There are several important items that should 
be observed to maintain accuracy and insure optimum 
equipment usage. A list of these items follows: 
1. The lamp current should not exceed 10 milliamps. 
1 If the lamp current exceeds 10 milliamps for an 
\ extended period of time, the life of the lamp is 
1 shortened considerably. 
2. The operating conditions in Table (I) are very 
close to being optimum. Minor variations from 
these conditions are to be expected but any 
significant deviations should be examined very 
closely. 
3. When turning bn the acetylene, ignite it quickly. 
Then turn on the nitrous oxide. The faster this 
operation is performed, the less ash will be produced. 
4, When adjustin~ the flows, a large "red feather" 
flame is desired. Care should be taken to obtain 
this. If the flame is not large enough, carbon 
will deposit on the burner head and interfere with 
analysis. 
5. When adjustin£ the unit, (step 14), make adjustmentu 
slowly since the unit is very sensitive. 
6. When analyzing the standaras, between each standard, 
the plastic feed tube should be returned to the 
deionized water, This helps to insure good readings 
on the standards, 
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7. The analysis of samples should be divided into 
two sections. The first should be a rough 
analysis of the sample to place it between the 
value of two standards. The lower standard is 
then analyzed, followed by analysis of the sample I and the remaining standard, This procedure 
' has been found to give the best accuracy. 
8. When the burner is removed, it should be 
throughly cleaned to remove any carbon deposits .. 
The burner should then be dried completely to 
prevent any corrosion of the burner head. 
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h DISCUSSION 
As noted in the beginning of this report, 
there were three questions that needed to be answered. 
The first two questions dealt with the crude oil and 
its use in a molten iron-slag system. The ashing study 
in this report was performed to answer these questions. 
As shown in Tablell-A, the average vanadium 
content of the crude oil was 528.J ppm. This agrees 
favorably with published values of the vanadium 
content of crude residues. (2J) There was no attempt 
made to analyze what type of vanadium - porphyrim 
complex was present. U0inE the procedure described 
earlier, the crude oil was ashed and then dissolved 
in the iron. As shown in Table ll-R, the percentaee of 
available vanadium transferreLl from the ash to the 
molten iron was 26. j'l.uji,. The vanadium not transferred to 
the molten iron remained in the ash. The conversion of 
vanadium could probably be increased by decreasing the 
amount of carbon present in the iron. This would allow 
more of the at,h, primarily car boll, to be disr,ol ved in 
the molten iron and thus increase the amount of vanadium 
in the iron. This could be accomplished by introducing 
oxygen into the system. In this case, however, it 
was impractical because of the Eraphite crucible which 
supplies a constant source of carbon. 
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TABLE I I PETROLEUM ANALYSIS AND ASHING STUDY DATA 
A. Petroleum Analysis 
Sample Sample Sample Crude Analysis 
Number Weight JJ.g V eem V 
g 
C 
.!, 
1.48 780 A 527.0 
t'j 
I 
B 1.51 795 526.5 
C 1.50 795 530.0 
D 1.35 715 529.6 
1 
[ 
Average: 528 .J ppm V in crude oil 
B. Ashing Study Analysis 
Sample Sample Crude Iron Sample Co
nversion 
Number Weight Added ..JL_ ppm 
c1' u 
g [. 
1-A 1.10 78.5 45CJ 25.u 
26.6 
1-B 1.1u 117.0 540 29.6 
25.8 
2-A 1.00 22().0 Gou 53.2 27.5 
2-B 1.15 225.CJ 510 6u.o 25.7 
3 1.15 372.7 6uu 84.4 
26.0 
Average Conversion: 26.J2% of availible vanadium 
f· 
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The ashing section of this investigation did 
accomplish its. purpose. The crude oil can be added to 
the molten iron by either ashing the crude oil or by 
small additions of crude oil made directly to the 
molten iron. It was also found that the vanadium did 
transfer to the iron b~ not in great amounts because 
of the system used. 
The distribution study was to determine what 
happened to the vanadium in the metal-slag system
. The 
slag used in this study was 5 lfi~ CaO, 4Cf/o Si02 
and 
lufo Al/JJ synthetic slag. This sla£ 
composition was 
used because of its convenient melting point and its 
potential in the removal of sulfur from iron. (11,14) 
The sulfur removal capabilities were important because 
,l 
of the sulfur content of the Venezuelan crude oil. 
Silicon was added to the metal to prevent any interference 
by the transfer of silicon from the slag to the 
metal. (5, 8, J.u, 13) 
As shown in TableIII, a transfer of vanadium 
to the slag did occur. The distribution of vanadium 
did vary for the four temperatures studied. 2lots of 
the approach to equilibrium are shown in Figures 7 
through 10. A plot of the variation of the equilibrium 
distribution ratio versus temperature is shown in 
Figure 11. Where distribution ratio is defined as weight% 
vanadium in slag divided by weitht % vanadium in metal. 
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TABLE III VANADIUM 'DISTR!BUTION DATA 
Run Number Time (%V) [%VJ 
and Description hr. ,s1a~ Metal 
wt. p~ wt. "h V 
A02 
374.8 g C-sat. Fe 1 0.226 4.97 
7 .6 g Si Metal 2 0.286 4.93 
21. 6 g V Metal 3 0.336 4.92 
100.5 g Slag 4 0.380 4.91 
1425°c 5 0.405 4.90 
B05 
368.l g C-sat. Fe 1 0.194 5 .09 
19.0 g Si Metal 2 0.326 5.06 
13.8 g V Metal 3 0.458 5.u2 
100.1 g Slag 4 0.460 5.02 
1500° C 5 0.465 5.02 
C08 
361.1 g C-sat Fe 1 0.200 5 .JO 
33.7 g Si Metal 2 0.412 5.25 
9.7 g V Metal 3 0. 590 5.21 
99.8 g Slag 4 o. 590 5.21 
1550° C 5 0.594 5.205 
D-15 
323.0 g C-sat Fe 1 0.496 4.97 
57.0 r, Si Metal 2- 0. 525 4,93 
20.3 g V Metal 3 o. 590 4.92 
100.6 g Slae; 4 0.6UU 4.91 
1600° C 5 u.601 4.90 
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CONCLUSIONJ 
This investigation was undertaken to determine 
if the Two-Stage Coal Combustion Process could be applied 
to the removal of vanadiwn from Venezuelan crude oil. 
The work was primarily an exploratory study desiEned to 
answer three questions of iwnediate importance. The 
first of these questions dealt with the possibility 
of addinr.; crude oil to a mo 1 ten iru11 bath. The second 
was concerned with the transfer of vanacl iurn from the 
cru<.ie oil to the molten iron. The last toµi.c was 
concerned with the distribution 01· vanadium between a 
synthetic slat and molten iron mixture. 
1 t wa::i i ounu that the crude oil cuulli l)e 
added. to the molten iron without any major aifficulties. 
However, the easiest way to add tne crude oil was to 
first ash the crude oil an<J tnen Ji~i~olve the ash in 
the molten iron, The perceata~e of' avail i ble vanadium 
transferred to the molten iron by this procedure was 
only 26,32% but this conver~ion could probably be 
increased by the jntrouuction of ox.yc:en to the system. 
The dir:itribution study yielded valueR for 
the equilibrium oistri I.mt ion ratio nt !'our temperatures. 
Although there was nut euoui:;h information for any 
definitive conclu~ions, enough data were availible to 
satisfy the rettuirements of this introductory study. 
With the results of this study in mind, 
this author feels that an altered Two-Stage Coal 
Combustion process holds much potential as a method 
to remove and recover vanadium from Venezuelan crude 
oils. This would be especially true for the crude 
residues which are primarily used as fuels at the 
present time. It is recommended that more work into 
the development of this procest_; be examined. 
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APPENDIX I 
CRUCIBLES 
EQUIPMENT 
a.) Graphite - 3.4 11 O.D. 
2 .4" I.D. 
7.1 11 Overall Height 
6. 5" Inside Height 
b.) MgO - 4. 5" O.D. 
J.75" r.o. 
7.875 11 Uverall Height 
7.5" Inside Height 
c.) Fused Silica -
2.25" o.u. 
2.U625" I.U. 
4.0625" Uverall Height 
·, • cY7" I . d H . h 
.1 7 ns1 e e1g t 
FURNACE 
Ajax Magnethermic Model Number MPG )OM 
SAMPLING DEVICES 
a.) Slag Sampler -l" Copper Head; Slotted Tip 
b.) Metal Sampler l" Silica Glass Tubing with 
Suction Bulb 
ATOMIC ABSORPTION SPECTROPHOrroMETEH 
Jarrell-Ash Model 802 Dial Atom with bulb J-A 
#45453 for Vanadium analysis 
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THERMOCOUPLE 
SIEVE 
RECuRi.JEH 
36" platinum/platinum - 10 pct. rhodium thermo-
couple with 611 solid insulator followed by l" 
insulators. 
Arklay Richards #Y24PR10-8-36 with 2-4-2A-6 
Insulator on hot end, balance 2-4-2A-l 
18" Mullite Thermocouple Protection Tube 
Ark lay Richards ff P6-18 
U.S. Standard ~ieve ~eries-Fisher Scientific 
Company 
25CJ micron .0098 in. number 60 
Leed[i & Northrup - :;peedomax - Temperature 
Uecorder with 20u0° - 30Uu
0 ~ Uange Card for 
use w i t 11 pl at in urn/ p J at in urn - J U pct . rho cl i urn 
Type :; t hP.rmocoup le 
DIA1v'1CJND MORTOh 
S'1'IilHING HCJJJ;j 
Graphite 12" long J " 4 diameter 
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APPENDIX II 
Material 
Crude Oil 
Source 
MATERIALS 
Grade Purity,% 
Humble Oil & La Rosa-
Refining Co. 533 Tk 
Fisher Certified 99.95 
Target Chem- Electronic 36.5 - 38.0 
ical Co. 
Target Electronic 69.0 - 71.0 
Fisher Reagent A.C.S. 
11 Baker Ana- 99. 9 
ly :t.ed II Ile gent 
Boric Acid Target Reagent A.C.S. 99.9 
Highest Purity 99.9 Benzene Sul- Eastman 
fonic Acid Kodak 
Si02 
Iron 
Vanadium 
J.T. Baker 
J.T. Baker 
Fisher 
Atomert;ic 
Chemetals 
H.eagent 
Reagent 
Electrolytic 
45 
99.6 
99.3 
99.9 
99.8 
,, ,,, 
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APPENDIX III LIST OF SOLUTIONS 
v2o5 STANDARDS 
Add 0.1899 grams v2o5 to 5 ml. concentrated 
HCl, 5 ml. concentrated HN03 and 10 ml. deionized water.' 
Dilute to 500 ml. with deionized water. The resulting 
solution contains 212.788 ppm V. 
To prepare the other standards: (all dilute 
to 100 ml.) 
Amount of solution Concentration 
Add ml. ppm 
50 106.3 
10 21.3 
5 10.6 
l 2.1 
ALUMINUM CHLOllllJF~ i3UFFER SCJLU'l'lUN 
1. Add 45.3 grams A1Cl3· 6 H20. 
2. Dilute to 100 ml. with deionized water. 
3. Transfer to plastic bottl~. 
IRON SOLUTION 
1. Crush iron 
2. Place 2.6 grams carbon-saturated iron in 125 ml. 
Erlenmeyer flask. 
3 • · Add 5 0 ml • H C 1 ( 5 ()J/o V /V) • 
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4. Cover and allow to digest until all solvent 
action ceases. 
5. Add nitric acid drop by drop to oxidize the 
solution. 
6. Boil off the nitrous fumes, then cool. 
7. Dilute to 100 ml. with deionized water. 
e. Filter through #44 Whatmann Filter Paper. 
IRON - VANADIUM STANDARDS 
ml Al solution 1. () 1.0 1.0 1.0 1.0 
ml V standard 35.0 25.0 20.0 10.0· 5.0 
(212.7 ppm V) 
ml Fe standard 10.U 10.0 10.0 10.0 10.0 
ppm V 148.9 106.3 85.1 42.5 21.3 
The above solutions are diluted to 100 ml. with 
deioniied water. 
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